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Image processing applications

License plate detection Retina analysis

Experiments with 7 image processing applications :

- anr999 - deblocking - toggle
- antibio - licensePlate
- burner - retina
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Image processing applications development

Application developers

1. design a prototype in a high-level language (Python/MATLAB)

2. port and optimize manually to a set of hardware targets

Library developers

1. design a nice AP
2. optimize for various hardware targets

Issue mixed high and low level concerns in both cases

Objective conciliate programmability and portability
Use case SMIL and FREIA
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The SMIL library

Simple (but efficient) Morphological Image Library [Fae11]

- new (2011) C++ image processing library
- targets modern processors

- multi-cores OpenMP
- vector extensions Loop auto-vectorization
- bindings Python, Java, Ruby, GNU Octave (Swig)

import smilPython as smil

imin = smil.Image("input.png") # read from disk
imout = smil.Image(imin) # allocate imout
smil.dilate(imin, imout) # morphological dilatation
imout.save("output.png") # write to disk
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FREIA framework

FREIA: FRamework for Embedded Image Applications [Bil+08]

- Cimage processing framework
- two-level APl : atomic and complex image operators
- multiple hardware targets CPUs, GPUs, Manycores, FPGAs

FREIA optimizing compiler [CI13; GCI14]

- complex operators unfolding

- temporary variable elimination

- common sub-expression elimination

- backward/forward copy propagation

- target-specific code generation (operator aggregation, ...)
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Morphological dilatation in FREIA

#include "freia.h"

int main(void) {
/+ initializations... */

/+ image allocations */

freia_data2d *imin = freia_common_create_data(/*...*/);
freia_data2d *imout = freia_common_create_data(/*...*/);
freia_common_rx_image(imin, /*...%/); /* read from disk =/
/+ morphological dilatation */

freia_cipo_dilate(imout, imin, 8, 1);
freia_common_tx_image(imout, /*...x/); /* write to disk =/
/* freeing memory =/

freia_common_destruct_data(imin);
freia_common_destruct_data(imout);

/% shutdown... */
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Bridging the gap

SMIL FREIA
+ high-level Python API — lower-level C API
-+ optimized ops on multicores + optimized compilation stack
— no other targets + many targets

How to combine FREIA portability and SMIL programmability?

- port SMIL manually on every target expensive
- re-implement SMIL using FREIA lose compilation stack
- support SMIL in the FREIA compiler very expensive

- convert SMIL Python app code into FREIA C
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Generating directly FREIA C code

smiltofreia

- generate FREIA C code from the Python application AST
- written in Python
- transform every SMIL call in its FREIA equivalent

- takes care of memory management, variable declarations, etc.

Constraints on input code

- SMIL Python as a DSL
- variable types must be statically inferable
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Dynamic to static compilation

Function polymorphism: canonical form
smil.dilate(i, o) smil.dilate(i, o, smil.SquSE(1))
smil.dilate(i, o, 5) smil.dilate(i, o, smil.SquSE(5))

Image expression atomization: temporary images

0 = i0 = i1 + (i2 | i1) freia_aipo_mul(tmp0@, i0, il1);
freia_aipo_or(tmpl, i2, il);
freia_aipo_add(o, tmp®, tmpl);

API variations: add new FREIA functions

freia_status freia_cipo_dilate_generic_8c(...);
freia_status freia_cipo_erode_generic_8c(...);
freia_status freia_cipo_gradient_generic_8c(...);
freia_status freia_aipo_mask(...);
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Speedup on 7 image processing applications

Mean execution time onto a i7-3820 CPU: 8 threads, AVX
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Related work

Cython ugly-compiles Python to C
Pythran compiles scientific Python to C++/multicores+SIMD
Numba is a Python-to-LLVM JIT compiler
Parakeet targets CPUs and GPUs (CUDA)
Theano optimizes Python linear algebra applications
Tensorflow idem
Halide is an image processing DSL compiler
PolyMage idem
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DSL compilation bring both programmability and portability

Key benefits of SMIL Python — FREIA C

- improved portability FREIA hardware targets
- high programmability SMIL Python API
- code reuse FREIA compilation stack
- performance close to hand-written FREIA

Future work

- increase API coverage

- experiment with larger SMIL applications
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Thank you for your attention
Questions?
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Morphological dilatation: smiltofreia output

#tinclude "freia.h"
#include "smil-freia.h"

int main(int argc, char =argv[]) {
/* initializations... */
freia_data2d =imin;
imin = freia_common_create_data(/+ */);
freia_data2d =imout;
imout = freia_common_create_data(/x */);
#define e® SMILTOFREIA_SQUSE
#tdefine e0_s 1
freia_cipo_dilate_generic_8c(imout, imin, e0, e0_s);
freia_common_tx_image(imout, &fdout);
freia_common_destruct_data(imout);
freia_common_destruct_data(imin);
/* shutdown... */



Refactoring Python code with RedBaron

Full Syntax Tree [Bar]

- AST + comments + formatting information

© fst_to_code(code_to_fst(source code)) == source_code

RedBaron [Red; Peu14]

- an interface for manipulating a Python FST

- a refactoring tool

from redbaron import RedBaron

red = RedBaron("smil.dilate(imin, imout)")
for node in red.find_all("NameNode", value="imin"):

node.value = "in
print(red.dumps()) # smil.dilate(in, imout)



FST example: smil dilate(imin, imout)

{"type": "atomtrailers",
"value": [
{"type": "name", "value": "smil"},

{"type": "dot", "first_formatting": [],
"second_formatting": [1},

{"type": "name", "value": "dilate"},

{"first_formatting": [], "third_formatting": [],
"type": "call", "fourth_formatting": [],
"second_formatting": [],

"value": [

{"type": "call_argument",
"first_formatting": [],
"second_formatting": [], "target": {},
"value": {"type": "name", "value": "imin"}},

{"type": "comma", "first_formatting": [],
"second_formatting": [{"type": "space",

"value": " "}1},
{"type": "call_argument", "first_formatting":
"second_formatting": [], "target": {},
"value": {"type": "name", "value": "imout"}}

131}

(1,



Compiling Python to C

Cython [Cyt]

- a tool for writing Python interfaces for C libraries

- a Python to C compiler

What we tried to do

w

. develop a Cython wrapper around FREIA
. convert SMIL Python code into FREIA/Cython with RedBaron

compile FREIA/Cython to C
apply FREIA compiler FAIL



Morphological dilatation: Cython C output

static PyObject *__pyx_pf_9smil_dilate_6Data2D_14cipoDilate(
struct __pyx_obj_9smil_test_Data2D *__pyx_v_self,
struct __pyx_obj_9smil_test_Data2D *__pyx_v_imout,
__pyx_t_7pyfreia_int32_t __pyx_v_connexity,
__pyx_t_7pyfreia_uint32_t __pyx_v_size) {
PyObject #__pyx_r = NULL;
__Pyx_RefNannyDeclarations PyObject *__pyx_t_1 = NULL;
__Pyx_RefNannySetupContext("cipoDilate", 0);
__Pyx_XDECREF(__pyx_r);
__pyx_t_1 = PyInt_FromLong(
freia_cipo_dilate(__pyx_v_imout->_c_data2d,
__pyx_v_self->_c_data2d,

__pyx_v_connexity, __pyx_v_size));
__Pyx_GOTREF(__pyx_t_1);
__pyx_r = __pyx_t_1;
__pyx_t_1 = 0;

__PyX_XGIVEREF(__pyx_r);
__Pyx_RefNannyFinishContext();
return __pyx_r;



	Context: SMIL and FREIA
	smiltofreia, a SMIL Python to FREIA C compiler
	Evaluation
	Appendix

